A large 12S RNA fragment which constitutes the 5 1 two-thirds of 16S-RNA from the E. coli 30S subunit has been investigated by small-angle X-ray and neutron scattering.
There is accumulating biochemical evidence which suggests that the isolated 16S-RNA can be renatured into essentially the same secondary and tertiary structure that occurs in the ribosome (7) (8) (9) (10) (11) . In this renatured state, the RNA can be treated with ribonuclease to yield specific fragments which appear to correspond to structural domains of the RNA structure; under fairly extreme digestion conditions discrete subproducts of these domains can also be produced (e.g. [12] [13] [14] . Thus, Zimmermann et al. (12, 15) demonstrated that the 16S RNA can be cut by mild ribonuclease 1^ treatment about two-thirds of the way along the molecule from the 5'-end. This produced two fragments, denoted 12S and 8S RNA. The 5' subproduct of 12S RNA, S4-RNA, binds the protein S4 but also the S16, S17, and S20 proteins. We have recently investigated S4-RNA and its complex with S4 using the small-angle X-ray scattering method (16, 17) .
In the present work we have continued our small-angle X-ray scattering studies on ribosomal RNA (16) (17) (18) by investigating the molecular parameters of 12S RNA in the solution. The results indicate that the data are consistent with RNA folded into two major domains with the shapes of two adjacent, quite similar cylinders.
MATERIALS AND METHODS

Materials
The 12S RNA was prepared from Escherichia coli ribosomes (strain A19), essentially as described by Zimmermann et al. (12) . Thus, ribosomal 16S-RNA was incubated at 40°C for 5-10 min and then hydrolysed with T.^ RNase (Sankyo, Japan) at an enzyme to substrate weight ratio of 1:1000 (which produced the best yield of 12S RNA) at 0°C for 30 min. The products were separated on 5-20 % sucrose gradient in Tris/Mg/K buffer (0.03 M Tris-HCl, pH 7.6, 0.30 M KC1, 20 mM MgCl 2 ) using a Beckman SW 27 rotor for 22 h at 25,000 rpm. Reseparation in the same sucrose gradient and buffer yielded an essentially symmetric peak. The RNA was precipitated with 1.7 volumes ethanol at -20 C overnight and it was dissolved in the TMK buffer and then dialysed against the same buffer. The product produced two closely migrating bands of variable relative intensity in 3 % polyacrylamide tube gels containing 40 mM Tris acetate 5 mM Mg acetate, pH 8; no intact 16S RNA or smaller RNA fragments were detected. A gel electrophoresis assay (19) showed that the components of both bands bound the proteins S4, S8, and S15. These data, and the X-ray scattering data, indicate that the two bands have essentially the same composition; the difference in electrophoretic migration can most probably be ascribed to a minor extension or excision of sequence. Such effects are generally observed after ribonuclease digestion of ribosomal RNAs and their protein complexes (see e.g. 20) . The sedimentation coefficient of the RNA fragment is probably an underestimate, since 12S was originally calculated from the sucrose gradient migration; as reference 16S-RNA was assumed to sediment at 16S, whereas under reconstitution conditions, 16S-RNA sediments at 21S (21) .
The concentrations of RNA were determined within ± 5 % by optical density -1 2 measurements (A 260 = (20.1) mg/cm ) which were checked by nitrogen and carbon analyses (analytical error in the method ± 1 %), (22) .
X-ray measurements
The X-ray small-angle scattering data were recorded with a camera developed by Kratky & Skala (23) . The scattering angle was set by an on-line
Hewlett-Packard computer 2100S, which also received and recorded the intensity data (Wingren, B.G. , Sjoberg, B. & Osterberg, R., unpublished data). Monochroma tizat ion was achieved with a nickel B-filter and a pulse height discriminator in conjunction with a proportional counter.
All measurements were made at 21°C on samples of 12S-RNA that had been dialysed at 4°C against the ribosome reconstitution Tris/Mg/K buffer (see above). Before each sample was subjected to the X-ray beam it was allowed to equilibrate at 21°C for 30 min. The small-angle X-ray scattering recorded for each sample was recalculated to absolute scattered intensities by using the scattering from a Lupolen sample (24) . X-ray scattering from the same Tris/Mg/K buffer of the same kind as that used for the samples was used to correct the background scattering.
When 12S-RNA was subjected to prolonged X-ray exposure, it was found that the intensity decreased with time. The successively changing intensity eventually converged to an intensity curve which is very similar to that previously recorded for the smaller S4-RNA (16) , suggesting some breakdown of 12S RNA to the size of S4-RNA. Therefore, the time exposure for each sample was carefully controlled, and for some concentrations, more than one sample was used for recording the complete scattering curve. Each sample used was checked for possible radiation damage by rerunning it under identical conditions; only those data are reported which were found to be consistent with the data obtained in the second run.
Neutron scattering measurements
The neutron small-angle scattering data were recorded with the Dll camera at the Institut Laue-Langevin, Grenoble (25) . The sample-detector distance was set at 2.5 m, and neutron scattering was recorded for four solutions of different contrasts, 0, 20, 40, and 100 % D 2 0. The wavelengths were 0.5 and 
ANALYSIS OF THE DATA
The X-ray scattering curve for 12S-RNA in the aqueous buffer is shown in concentrations 27, 18, 8.6, 7, 3, and 2 mg/ml. From the extrapolated data the radius of gyration, R, was found to be 7.2 ± 0.5 ma. The molecular weight of 12S-RNA was determined to be 278,000 i 25,000 using the partial specific volume (16), v = 0.53 cm /g and the formula described by Kratky (27) .
The X-ray data were further analysed by calculating the distance distribution function, ]>(r), using Glatter's computer program (28). The result, which is shown in Fig. 2, indicates that When the data of the shape function I were compared with theoretical curves, two-body models were used. This is due to the fact that the p_(_r)-curve consists of one maximum and one pronounced shoulder, which indicates the presence of at least two structural domains. The calculation of the theoretical scattering from the two-body models was done by using the procedure described by Pilz et al. (33) . Of the various ellipsoid-and cylinder models tested, it was found that the scattering from two identical cylinders, situated 1.0 nm apart and with the base area of the cylinders in the same plane, best explained the I scattering curve (Fig. 1) . The best fit was obtained using cylinders of diameters 11.0 nm and height 5.0 nm. However, as indicated by the positive a-value, a compact model can only give a fairly crude description of the 12S-RNA molecule. In order to explain the whole sets of neutron-and X-ray data models more complex than those of uniform electron density are required.
DISCUSSION
The X-ray scattering results described in the previous section indicate that the 12S-RNA fragment of 16S-RNA has a molecular weight of 278,000 and a radius of gyration of 7.2 nm. These data agree with those obtained by neutron scattering, which yield a molecular weight of 255,000 and a radius of gyration at infinite contrast, R_ = 7.1 nm. The molecular weight obtained is also in agreement with the published analysis of the RNA indicating a molecular weight between 250,000 and 300,000 (12); as yet, however, the RNA sequence of 12S
has not been determined exactly. The radius of gyration, on the other hand, should be noted that such a detailed model involves too many parameters relative to the accuracy of the data and we cannot exclude the possibility that, within the proposed shape, the present X-ray data can be explained by many other detailed models.
Likewise, the previously reported small-angle X-ray scattering data of S4-RNA (16), a fragment from the 5' one-third of 16S RNA, has been reinterpreted. The shape of this latter fragment, which is about half the size of 12S-RNA, was previously estimated to correspond to an oblate ellipsoid model with the dimensions of 13.2x13.2x3.2 nm, assuming a compact structure. The reinterpretation of the X-ray data indicate that the S4-RNA data can be explained equally well or better by the scattering from a cylinder with the dimensions of 12x12x3 run (Osterberg, R. , unpublished results). Since a compact cylinder of these dimensions is approximately equivalent to a less compact cylinder of the dimensions 11x11x5 run, these data indicate that one of the 12S-RNA cylinders essentially corresponds to S4-RNA.
In some respects these data on 12S-RNA and S4-RNA would correlate with the biochemical data on 16S-RNA. For example, the limited ribonuclease digestion studies of Zimmermann et al. (13) suggest that ths 3 1 half of 12S-RNA could yield a second domain which assembles with the group of proteins S8, S15, S6, and S18. The concept of two domains is also compatible with the more recent secondary structure model of Woese et al. (see 2) in which widely separated sequence regions make contact via base pairing.
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